ABSTRACT During a period of 18 months three workers were admitted to hospital with jaundice that had developed two to four months after beginning work at a chemical plant. Liver biopsies showed severe centrilobular, haemorrhagic liver cell necrosis. 
Occupational liver damage has usually been observed as part of a toxic syndrome dominated by extrahepatic manifestations-for example, central nervous system toxicity related to exposure to trichloroethylene,' xylene, toluene,2 DDT3; bone marrow depression aftex exposure to benzene4 and trinitrotoluene5; and peripheral neuropathy due to n-hexane.6 Sometimes liver damage is the predominant feature, as in carbon tetrachloride exposure which may also damage the renal and central nervous system7; p-tertiary butylphenol toxicity associated with vitiligo and euthyroid goitre8; and alcohol intolerance related to dimethylformamide exposure.9
Liver injury from industrial agents has only rarely been reported in isolation,'0 and we therefore discuss the cases of three workers in a chemical plant who were exposed to a variety of chemicals and suggest that liver injury was caused by the combined action of organic solvents.
Clinical features
All the workers had been healthy in the past, and there was no history of jaundice or gastrointestinal symptoms. None took drugs, and they consumed alcohol only socially. Tests Biopsies were repeated six months after admission. In two patients appearances had greatly improved, leaving fibrotic septa surrounding slightly widened portal tracts. In the first patient the changes were still surprisingly severe, with panlobular necrotic areas and collapse of the reticulin framework. By 18 months, however, histological appearances had returned to normal.
OCCUPATIONAL INVESTIGATIONS
Because the centrilobular necrosis in the biopsy specimen of the first patient suggested a toxic cause, we obtained an occupational history; at the same time we heard of the third patient who had been admitted shortly afterwards. The first patient, a woman, had worked at bome before joining the chemical works. The two men were unskilled and had previously been employed as agricultural labourers. They were all employed in a large chemical plant. The plant supplied chemicals for vitamin synthesis and these patients collected spot samples during the process and analysed these, as well as removing waste products and cleaning laboratory equipment. The chemicals had been used at the plant since 1968 and from then until 1981 22 workers had been employed.
The first two patients were accidentally exposed to a mixture of carbon disulphide, toluene, acrylonitrile, and methanol. About a week before admission to hospital this mixture had overflowed from a barrel that collected waste solvents from a distillation column. Further exposure was prevented by putting the outlet pipe outside the factory. The workers were still exposed, however, firstly, when they obtained samples to monitor the chemical process, which was done with a mouth pipette at the toluene-acrylonitrile distillation column and, secondly, when they removed waste products from the remaining distillation processes. After the third worker became ill, exposure to all chemicals was minimised by the sealing of waste product outlets, local exhaust ventilation, and the use of cartridge respirators.
Measurements of air concentrations performed with Drager tubes" during five working days shortly after the first two patients were admitted to hospital showed carbon disulphide concentrations of 3-8 ppm, toluene 15-20 ppm, and methanol 10-150 ppm.
Qualitative mass spectrometry analysis of air samples obtained above barrels collecting hot (150°C) waste products from different distillation processes showed the presence of 2-(dimethoxymethyl)-propenonitrile, methanol, methylformate, methylacetate, 3-methoxypropenonitrile, isobutanol, 4-amino-2, 5-diethyl-pyrimidine, cyanide, and carbon disulphide. Several unidentifiable substances were also observed.
Liver tunction tests were performed regularly for six months after measures had been taken to reduce exposure, and no changes were observed. Antipyrine clearance, an index of hepatic microsomal enzyme activity,'2 was measured during work after occupational hygiene improvements had been carried out and repeated at the end of 10 days; it remained unchanged.
Discussion
The evidence incriminating chemical substances in the liver damage of these three patients is circumstantial but strong. An identical clinical and histological picture was observed in previously healthy peo- 
